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CHAPTER 7
AIR CONTROL

7.1 GENERAL

Air trapped in a stockwater pipeline can reduce or even conpletely stop
the flow of water in the line. This is particularly a critical problem
in pipelines that operate under very | ow heads or in |ong pipelines.

7.2 Al R GAS PROBLEMS
Air or gas gets into a pipeline in several ways. These include:

e Wen a pipeline is drained, air enters the [ine through hydrants
or any opening.

e There are various fornms of gasses in well waters. These gases can
conme out of solution during pipeline operation. Some wells have
nore serious gas problens than others.

e If the water level in a well or other source falls below the punp
intake, air is drawn into the pipeline by the punp.

e In gravity systems, air can be drawn into the pipeline when water
surface falls below the pipeline entrance. |In sonme |live streans,
there can al so be air bubbles entrapped in the water.

Figure 7.1 illustrates what happens when air is trapped at a high point
in a pipeline. A bubble is forned at the high point. The effect is to
reduce the cross-sectional area of the pipeline and thus restrict flow.
This has the sane effect as inserting a short |Iength of small dianeter
pipe in the pipeline. Velocity accelerates through the snaller section
of pipe and friction loss is increased. Since friction loss is a
function of the square of velocity, friction | oss can increase
drastically when a large bubble is present. |f the bubble is big
enough, or there are many of them flow can be cut off conpletely.
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Figure 7.1
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* |n addition to the flow restriction they cause, air pockets can react
in a way that aggravates water hamrer probl ens.

As velocity increases, the air pocket tends to be pushed down the pipe
in sone sort of elongated bubble. There may be several separate bubbles
formed. If velocities are high enough, and el evation difference to the
next low point is not too great, the bubble nay be pushed through to the
next high point or outlet.

* NEBRASKA NOTE

Large air pockets can aggravate water hanmer problens if they are

rel eased fromthe pipeline too quickly. As large volunes of air are

rel eased fromthe pipe, the water will rush to fill the void caused by
the released air. The velocity of the water can be very high and the
sudden closing of the air valve can result in water hamrer and high
surge pressures. The minimumair release orifice size specified in FOIG
Standard 516 should be used as the design orifice size.
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7.3 AR IN LOWHEAD GRAVI TY PI PELI NES

Air locks are a frequent problemin very low flow, |ow pressure

pi pelines. An exanple of this type of systemis a spring fed
installation. In this case the velocity of water is very low Air
bubbl es do not get pushed out, even if the summit in the line is only
one pi pe dianeter above the rest of the line.

The solution for air lock problens can be either of the foll ow ng:

e Install an open air vent at all sumits in the line. Figure 3.1
in Chapter 3, illustrates an exanple of this type of pipeline
system

e Install the pipe so there are no sunmts in the line. Carefully
lay out the pipe so it is on either a constantly increasing or
decr easi ng grade.

For very | ow pressure pipelines, experience indicates that m ni num pipe
di ameter should be:

1-1/4 inch nonminal dianeter for grades over 1.0 percent.
1-1/2 inch noninal dianmeter for grades from0.5 to 1.0 percent.
2 inch nom nal diameter for grades fromO0.2 to 0.5 percent.

For grades less than 0.2 percent, gravity flow systens are not
recommended. Wiere pipe of minimumsize will not deliver the required
flow, the size should be increased.

Cl eaning may be made easier by placing "T's" or "Y' s" with plugs at

strategi c points in the pipeline.

Qutlet pipes froma spring box should be placed at | east 6 inches above
the box floor to allow for sedinent storage. A tee and vent pipe or a
screen should be installed on the pipe within the spring box to reduce
pl uggi ng by | eaves and trash.

Pi pes starting at storage tanks or ponds shoul d be screened and pl aced
far enough above the tank bottomto prevent sedinent fromentering the
system Screens should be nade of copper, plastic, or stainless steel
A swi vel -el bow arrangenment connected to a float will alleviate both
bott om sedi ment and surface trash problens associated with ponds and

| arge open storage tanks.

7.4 AR CONTROL I N H GH HEAD, LONG PI PELI NES
There are two ways to resolve air problens in high pressure pipelines:
* Mninize the nunber of sunmits in the |ine by neandering the
pi peline along the contour to avoid high points. There is a point

where the extra cost of additional pipeline |length makes this a
non- cost effective approach.
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400

e Install air valves at sumits to control the entry and exhausting
of air. Figure 7.2 shows this type of installation.

Figure 7.2
TYPI CAL SYSTEM W TH Al R VALVES
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There are three types of functions that air valves perform

1

When a pipeline is enptied, air nust enter the line sone place. If
provi sions are not nade for entry of air, a vacuum can be created in
the pipeline. This can lead to collapse of the pipe or at |east
breaki ng of the water columm, which creates gas or water vapor
pockets in the pipeline. Although it is unlikely that the snall

di anmeter pipe in stockwater lines will collapse due to vacuum it is
a bad design practice to allow significant vacuumto develop in the
pipeline. It is therefore inportant to have a vacuumreli ef
mechani sm at significant high points in the |ine.

Figure 7.3 illustrates how a typical air valve takes care of this
function. Since there is no water in the valve chanber, the fl oat
drops on to a cage and allows air to enter the large orifice.
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Figure 7.3
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2. \Wen an enpty pipe is filled with water, air in the line nust be
rel eased in large volunes. This can be done by |eaving the hydrants

open. But what if the hydrants are closed? Air pressure will build
up in the pipeline. Wen a hydrant or float valve is opened, high
pressure air will escape and then, when water hits the end of the
line, water hammer wi |l probably occur

For adequate system protection, there nust be a mechanismto
automatically release |l arge volumes of air fromthe pipeline during
filling. For best results, the nechani smshould be |ocated at al
significant sunmits in the |ine.

Figure 7.4 illustrates how a typical air valve takes care of this
function. Since water has not yet entered the val ve chanber, the
float stays down on a cage. Large volunmes of air escape through the
| arge orifice.

VWen the pipe fills, the float floats to the top of the valve and
closes the large orifice. The valve then remains closed until the
pipeline is again enpty. The float will not drop unless pressure
drops to zero, since pressure keeps it janmed against the orifice.
This is the case even if an air pocket builds up in the valve
chanber during operation.

Figure 7.5 illustrates the closed val ve.
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Figure 7.4
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3. During operation of the pipeline, air bubbles and ot her gasses cone
out of solution and buil dup as gas bubbles at sumits in the line.

There are usually also remmants of the |large volunmes of air present
i mediately after filling. If the summit is high enough, this air
wi || never push on through the line. Gases may eventually buil dup

to the point where the flowrate is seriously reduced or flow may

even stop. It is not possible to predict how serious a problemthis

may be when designing a pipeline.

Figure 7.6 illustrates how a typical air release valve works. A
heavy float and a snall orifice allowthe float to drop and open the

orifice even when the systemis under pressure. So when air bubbles
gravitate to the air chanmber, and the float drops, high pressure air

is expelled fromthe val ve

Figure 7.6
Al R RELEASE VALVE
FOR RELEASI NG AIR WHI LE PIPE | S UNDER PRESSURE
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In the past, there have been | ong high pressure stockwater |ines
installed in Montana with little or no provision for air venting. Mny
of these systenms work. A line that has worked for years will sonetines
sl ow down or stop. The usual culprit is air in the line.

Long stockwater pipelines cost a lot of noney. The cost of installing
adequate air handling equipnment during initial installation is a
relatively small part of total installation cost. The cost of
installing air valves is much less in the initial installation than
goi ng back later to add needed val ves. Adequate air handling equi pnent
shoul d al ways be designed into a systemat the tine of initia
installation.

In high pressure, nmoderate flow systens, there are frequently many snal |
undul ations in the ground surface and a few | arge hunps. Trial and
error on typical long stocklines in Montana has led to the conclusion
that we can usually get away with not installing air vents or valves on
summits that are less than ten feet high. So in nost cases, it is
recormended that air handling equi pment be installed on all summits of
ten feet or nore, at the end of the pipeline and at the first high point
of any ki nd past the punp.

I gnoring sunmits which are less than ten feet nmay occasionally lead to
system operational problems. |In that case, the ower will have to go
back and install air valves or vents at all sumits. So far, the risk
involved in using this rule of thunb has proved acceptable. Renenber
that it is not acceptable to ignore summits in the line in | ow head, |ow
vel ocity pipelines.

A particularly inportant |ocation for a continuous acting air rel ease
valve is the first high point past the punp. This valve would catch and
rel ease nost gas introduced at the punp.

The preferred locations for air venting is at high points in the line.
Hydrants, open vents, or vacuumrelief valves can be used. Were the
hydraulic grade line is close to pipe elevation, open air vents are the
best choice. Hydrants can be used if they are al ways opened at the tine
of draining. The risk of using hydrants is that there may be additiona
danmage to the line if a sudden pipeline break shoul d unexpectedly drain
the Iine.

7.5 HOWAIR VALVES WORK

There are four general types of air valves. They are:

1. Vacuumrelief valve (relieve vacuum only)

2. Air relief/vacuumrelief valve (relieve vacuum and expel |arge
vol ummes of air during filling)

3. Air release valve (release small volunes of air under pressure)

4. Conbination air/vacuumrelief, air release (conbines all functions
in one valve).
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Hi gh Pressure Systens:

The Nebraska guidelines for the installation of air rel ease valves are
simlar to the Montana guidelines.

A continuous acting (3-way valve) should be placed at the first summt
inthe line. This valve will release the air injected into the pipeline

by the punp.

An air/vacuum (air/vac) relief valve should be considered for summits
with a conbination of a rise in elevation of 25 feet or nore and a fal
in elevation of 25 feet or nore.

For pipelines larger than 1-1/4 inch dianeter, stronger consideration
shoul d be given to installing air relief valves at smaller summts.
Because the velocity in |larger dianeter pipelines is slower, less air
bubbles will be carried fromhigher peaks. By installing additiona
hydrants or valves, the potential for air entrapment problens is
reduced.

NOTE: The above guidelines for placenent of air/vac relief valves wll
suffice for nost livestock systens. However, |ong pipelines, pipelines
installed in undulating terrain, or pipelines with long intervals

bet ween val ves or tanks, may need additional valves. For these
situations, contact the area engineering staff for assistance.

G avity Flow and Low Pressure Systens:

Pipelines with | ow operating pressure or gravity systens should have
air/vac relief valves installed at all sunmts. Gavity systens should
al so have an air/vac relief valve or vent installed at the inlet of the
pi pel i ne.
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The latter three types of valves are usually used in stockwater

pi pelines. The smallest valves avail able are usually adequate. Valves
are rated according to maxi mum pressure that they can operate under as

well as by orifice size. Only appropriate pressure rated val ves shoul d
be used.

Figures 7.5 through 7.9 illustrates cutaway views of typical air valves
used in stockwater pipelines. Different manufacturers have different
ways of doing the same job. Sonme valves are nade of plastic. These
general ly are adequate for | ow pressure operation. The cast iron nodels
are for high pressure operation.

It is sonetimes clainmed that the air release (small orifice) valve wll
al so serve the purpose as vacuumrelief valve. The small orifice is not
adequate to prevent high vacuumfromoccurring if there is a sudden
break or during emptying of the pipeline. The proper kind of valves
shoul d be used where they are needed.

In nost cases, the conbination (three way) valve should be installed at
all significant sumrmits. An air release valve will suffice at snall
sunmits. At the end of the line an air rel ease/vacuum (two way) val ve
shoul d be installed.

Figure 7.7
TYPI CAL Al R RELEASE VALVES
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Figure 7.8
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Figure 7.9
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7.6 AR VALVE | NSTALLATI ON

Figure 7.10 illustrates a good air valve installation. Since air valves
can | eak some water, provisions rmust be made to dissipate this water.

Figure 7.10
Al R VALVE | NSTALLATI ON
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